. Much work is being done to understand this variability and the processes that control the surface patchiness. The extent to which these dynamical processes will be modified by external irradiation is unknown; future observations of J1433 and other irradiated brown dwarfs 5, 6 will help to answer this question.
The giant planets in our Solar System (such as Jupiter, Saturn and Neptune) experience internal and external heat fluxes that are weak and comparable to each other 8 . By contrast, hot Jupiters receive external fluxes about a thousand to a million times greater than their expected internal fluxes 9 , and thereby show us how atmospheric circulation responds when external forcing dominates. Isolated brown dwarfs represent the opposite extreme, transporting enormous internal fluxes but typically receiving negligible external irradiation. These types of body therefore constrain three corners of a broad parameter space of external irradiation and internal heat flux that spans many orders of magnitude in both parameters (Fig. 1) . Until a few years ago, we lacked observational constraints on the atmospheric behaviour of substellar objects at the fourth corner of that parameter space -those subject to enormous external irradiation and internal heat flux that are comparable to within a factor of ten.
J1433 and related brown dwarf-white dwarf binaries fill that gap, and could prove crucial in the quest to understand how atmospheric circulation depends on internal and external forcing. The small day-night temperature difference inferred by Hernández Santisteban et al. relative to that of many hot Jupiters 3, 4 almost certainly results from the intense heat supplied to the atmosphere from the brown dwarf 's interior, but the interaction of the internal and external forcings could have myriad other consequences that remain poorly understood.
The J1433 system is interesting in other ways. Hernández Santisteban et al. argue that the brown dwarf began life as a star, but became a brown dwarf after losing mass to the white dwarf -a history that might affect its internal structure and atmospheric circulation. Moreover, because of the fortuitous orbital alignment of J1433 with the line of sight to Earth, the brown and white dwarfs eclipse each other once per orbit, providing an opportunity to characterize the atmospheric composition and thermal structure in the way that is commonly done for hot-Jupiter systems. 
ST E V E N H A H N & ST E P H E N B U R ATO W S K I
T he initiation of DNA transcription involves a fascinating interplay between RNA-synthesizing RNA polymerase (Pol) enzymes, transcription factors and DNA. The Pol II complex is of particular interest because it synthesizes all messenger RNA in eukaryotic (nucleus-bearing) cells. The size and flexibility of Pol II complexes present huge challenges for structural biologists, but two studies in this issue, by He et al. 1 (page 359) and Plaschka et al. 2 (page 353), exploit advances in cryo-electron microscopy to produce nearatomic-resolution snapshots of the Pol II machinery.
The bacterial Pol machinery is a streamlined system that contains only four Pol subunits and a single transcription factor, sigma 3 . Because Pol active sites are highly evolutionarily conserved 4 , bacterial Pol has been used to establish a general model of Pol action. This model suggests that Pols and their transcription factors first associate with the promoter region of double-stranded DNA, which lies immediately upstream of the sequences to be transcribed, to form a structure called the closed complex.
Next, around 10-13 base pairs of the promoter unwind, positioning the DNA strand to be transcribed at the Pol active site in an open complex (open and closed refer to the state of the DNA). Pol subunits form channels for incoming nucleotides and the exiting mRNA, and create a deep cleft for the template strand. A mobile clamp domain traps DNA in the active site during the transition from the closed to the open complex. Finally, the structure contorts into an initial transcribing complex, maintaining contacts with promoter DNA while downstream DNA is pulled into the active site as RNA starts to be synthesized.
In comparison with bacteria, the archaeal and eukaryotic transcription machineries are complex, with 12-17 Pol subunits and up to 6 transcription factors. In the Pol II system, the transcription factors TBP, TFIIA, TFIIB, TFIIE, TFIIF and TFIIH are all required and, between them, perform the same functions as bacterial sigma 5, 6 . Years of biochemical, molecular and structural studies have probed the roles of each transcription factor to piece together a model of eukaryotic transcription initiation studies. Moreover, the structures are consistent with a range of previous analyses [8] [9] [10] [11] [12] . TBP recognizes the TATA element -a common DNA sequence in eukaryotic Pol II promoters. A subcomplex of TATA DNA, along with TBP, TFIIA and the cyclin domains of TFIIB, interact with the Pol II wall, positioning downstream promoter DNA over the cleft. A long, flexible region of TFIIB snakes through the Pol II exit channel into the active site, helping to position DNA correctly. In a major advance, the studies reveal how both structured and flexible regions of the transcription factors TFIIE and TFIIF are positioned on either side of the cleft, interacting with each other, Pol II and a TBP-TFIIB-DNA sub complex to promote and stabilize structural transitions during open-complex formation.
How does the complex transition into an initiation-competent state? Evidence indicates 13, 14 that one subunit of TFIIH is a translocase enzyme that drives DNA opening by threading downstream DNA into the Pol II cleft. He and colleagues' structures for the closed and initial transcribing complexes support this model, showing that the translocase maintains contact with DNA in both states, and that an extra 12 bases are threaded into the cleft by the time that the latter has formed.
The two groups present slightly different models for the transition from the closed to the open complex. He et al. propose that, during the transition, closure of the clamp -driven by translocase-generated torsional straintraps single-stranded DNA. Clamp-associated TFIIE also shifts, and a flexible linker region in TFIIB is fixed to stabilize single-stranded DNA (Fig. 1) . By contrast, Plaschka et al. propose that, in yeast, structural changes mediated by TFIIE-TFIIB contacts clear the cleft of flexible TFIIB segments, allowing entry of the template strand, followed by closure of the clamp. In this model, TFIIE, and probably TFIIB, stabilize single-stranded DNA in the open complex.
Discrepancies between the models could reflect species differences in transcription factors or promoter sequences, differences in the size of the DNA bubble, or the absence of TFIIH in the yeast system. Both models involve small changes in flexible segments of TFIIB, TFIIE and TFIIF, so, despite the remarkable resolution achieved, the structures might still have insufficient resolution to identify subtle differences. Moreover, these static structures capture only single states of a dynamic, multi-step mechanism. Perhaps the torsional strain that drives these transitions affects the structural state of the complexesan area for future study.
The current research highlights similarities and differences in initiation mechanisms between all multi-subunit Pols. For instance, bacterial-DNA unwinding is initiated when a wedge structure in sigma flips out a base, leading to the opening of the DNA bubble 15, 16 . TFIIB, which has a completely different amino-acid sequence from sigma, interacts with the same segment of promoter DNA. 
